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N/C JUSTIFICATION IN THE SHIPYARD

Charles M. French
Bath Iron Works
Bath, Maine

Mr. French is responsible for reducing ship production costs.
This involves evaluating potential improvements, selecting the most
cost effective one, preparing detailed justification for management,
and insuring implementation of approved changes.

His past experience with Bath Iron Works has involved working
on the MarAd Ship Producibility Research Program to reduce the cost
of commercial ship construction, managing the company’s energy con-
servation program, and justifying the N/C plate burning investment.

13



N/C JUSTIFICATION I N THE SH PYARD

Changing to conputer-aided [ofting and N C burning from

tenth scale, as Bath Iron Wrks is in the process of doing now,
is a traumatic experience. The fact that there are so nany

ot her yards successfully using it for the past several years
is certainly sone confort, put by no neans elininates the
anxiety. This change in process has the potential for

changing nore people’s jobs than, any other change at BIWin

many, nmany years. This realization has been one factor that

has caused the task of gaining the necessary capital approval

to start NC burning to be a long, drawn out affair. tnere

has been a trenendous anount of nystery surroundi ng how the.
bl ack box can actually do the things {hat a hunan being can

do only with years of experience and 5 sense of judgnent. How

can a black box exercise judgment? .

But that aura of nystery only contributed to the nore
tangi bl e problens we faced during the long, arduous task of

getting approval for N C

At one point about five years ago when the decision

was al nost nmade to go ahead, no capital noney was avail abl e.

The subject sinmply went into a state of linbo a-rid then faded

away as time passed.

About three years ago N C was revived, but nost of the
di scussi on centered on whether Bl W shoul d use AUTOKON or

SPADES .  Possi bly because there had not already been a firm

14



deci sion to nake the change to N C burning before attenpting
to select which conputer system should be used for driving

t he burning machi ne, that argunent went unresolved, thus
causing the subject of NNC to again become suspended. The
next and final attenpt began over a year ago when the present
Industrial Engineering department was organized. (ne of the
first major projects assigned the new departnent was to again

eval uate the feasibility of going to N C burning

Many yards that have N C today have obtai ned approva
based on the many intangible benefits that are inherent to

N C systens. A broad bracket of potential dollar savings

can be placed around these benefits, but nmeasurabl e savings
I's very different if not inpossible to determne. gjppy
citing the 5 - 15%saving in steel |abor that AUTOKON cl ai ns
is the result yards have experienced, or the 25 -33% SPADES
claims to have saved the yards using their gystem sinply
carries no nore weight wth our management {pan peing a point
of reference for dollar savings. |t is in no way a statenment

of a fact that can both be proven to have occurred and can be

expected with confidence to occur at BIW

The information put out by the suppliers includes words

such as it is assured that or our own experience ol us i nformation

from shi pyards indicates that X% of manhours per ton can be

saved with this system They go on to explain that a certain
percentage wll be saved in scrap,and anot her percentage reduction
in lofting manhours can occur and sone other percentage in welding.
Ve are then to add the various percentages, my|tiply tines the

steel weight of a ship, nultiply that tinmes tne | abor and
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overhead rates and finally the answer is that so nany

mllion dollars per ship will be saved. That analysis

may have worked. for sone of the shipyards that have acquired

N C lofting and burning, but it would not work at BIW

Approval of capital expenditures here starts with the question,
“What’s the effect on the bottomIline?” Fromthere we go to,
“What’ s the percentage return on investnent and how many years

I's the payback period?” Next, “Prove the source of each and

every nunber used to arrive at those answers.”

This investnment in a conplete NNC burning systemwth
conputer-aid design and lofting represents one-half of the
dollars we are presently spending annually on capital equipnent.
A project of &at magnitude receives very close attention to

detail during the approval cycle.

It does not take very long to cone to the concl usion
t hat you cannot back up those answers found in the publications
presently available with hard facts. W found that detail ed

backup information on which the percentage savings is based

was sinply not avail able.
That's the end of that - no approval.

Six folders of data on N C burning that had been gathered
during evaluation in the previous five years was studied to
see if certain pertinent facts could be extracted and a justi-
fication put together w thout another full-blown effort. Dollar
savings based on objective, specific facts could not be found

inthe files. Since a formal witten presentation had not
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been put together, what the files contained, by and |arge,
was isolated facts. A logical progression of what conputer-
aided lofting is, howit conpares to full scale and |/10th
scale lofting, and what NVC burning will do to inprove pro-

duction didn't exist either.

What did exist, however, were very strong opinions anong
most of the people who had been involved in the previous
studi es about what was right and what was wong. Many pre-
concei ved notions were held strongly about our needs for new

equi pment, what systens were best and what shoul d be bought.

The problem was finally defined by nanagenent as: (1) our old
| /10t h scal e burning machines are about to collapse and shoul d be
replaced before it's too late; (2) NC burning nust be a good tech-
ni que for shipbuil ding because so many yards are using it; and
(3) since NC nust be the answer, provide the necessary justification
so it can be purchased, considering that (a) two previous attenpts
failed, and (b) there doesn’'t appear to be enough tangible evidence .
readi |y available to convincingly settle the advisability of the

i nvest ment .

Early on, MarAd suggested to us that it nay be nost productive

to pursue the job of getting NNC approved if we first decided if

N C per se was an econom cal investnent for BIW and secondly to
make an eval uation to decide which systemwould be used --  AUTOKON

SPADES, STEERBEAR, or sone ot her,
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It took sonme tine for the inPortance of that advice
to becone clear. The question can be stated sinply: “If
nore than one brand of autonobile will get you from one
place to another in the style you require, shouldn’t you
first decide if you even need a new car at all before you
start worrying about whether it should be a Ford or a
Chevy?” If you spend all your tinme on the process of
selecting the brand, next year’s nodel may be out before

your decision is nade.

The val ue of that advice was not, however, considered
to be of great inportance at the time a plan was established
to anal yze the needs of our Fab Shop and justification of
Nunerical Control. |t was coincidental that the study was
constructed in such a manner that it worked out that the
benefits of computer-aided |lofting and NN C plate burning
were evaluated first and selection of a brand followed as

a separate decision |ater.

The approach taken was to determ ne:

1) \Wat are our present real needs and needs for
the next five years?

2) |If new burning equiprment is needed, what are
t he cost and benefit conparisons of NC with
| /10th scale optical burning nmachines simlar

to the present equi pnment?
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In retrospect it was beneficial that the assunption
was made at the outset that the need for new burning machi nes
was not necessarily a foregone conclusion, |let alone the
notion that an N C burning machine was a necessity. |pn the
organi zation of BIWthere is a long distance fromthe
production floor to the bord room of the directors of
Congol eum our parent conpany. Attaining the approval of
corporate directors located in M| waukee, Wsconsinfor
investing over a mllion dollars in one project for an
old shipyard subsidiary in Bath, Mine, hat hasn't been
addi ng many dollars to the corporate profit line over the
past several years requires nore than a statenment by Bath
Iron Wrks managenent that “we know that this capita
investnent is really good and your approval is, therefore,

request ed.

It was decided that we would take a new | ook at NN C
by starting fresh. The old files were put in a drawer and
a short study made to see if common problenms seemto be
inherent to getting nunerically controlled machines approved
in the business comunity in general. perhaps we weren't
unique. At the very least, the nethods that we had been using

were not successful.

The study was structured by specific tasks. The titles

and condensed results of the tasks are as follows:

1)  Present Loading
Actual |abor hours were calculated per plate for

Ro/ Ro and FFG from 1975 returns and factors
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2)

3)

4)

5)

devel oped for the unplanned “add-work” and

speci al sequences that reduce tine available

for production.

Mai nt enance Downtine as a Percentage of Production
Ti me

#l and #2 Telerex - 9.2% and 9. 3%

Flame Planer - 5%

# and #2 CM - 2% and 0.7%

Machi ne Layout/Material Flow Chart - made for the
present situation

Al lum num Deck House Fabrication Location for FFG -
Har di ngs or Bath?

Hardings will cut the plate and, therefore, needs
a cutting capability that is faster and requires

| ess flow disruption and handling problens than
the present process of sawing. Gas cutting is

I ncapabl e of processing non-ferrous netals.

Material Breakdown and Annual M x Anal ysis
Quantities of plates have been identified for each
burni ng operation for Ro/Ro, FFG and Industrial to
route quantities of materials to each burning
operation for |oading purposes.

Five Year Business Plan - Ship and Industrial:

t he highest capacity strain situation was determ ned.
Machi ne Capability

Operating tolerances for each machine were neasured

and judged to be adequate.
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6) Annual Machine Load for the Five Year Plan
CM56 * S -3 shifts, 6 days/week
Flame Plane - 2 shifts, 5 1/2 days/week
Telerex’s - 3 shifts, 6 days/week

7) Performance Needs for a New Machi ne
Desirabl e burning functions and machi ne features
have been defined, along with plate sizes and
materials that will be processed to determ ne
equi pnent requi renents.

8) Repair/Rebuild the Present Telerex’'s
Mechani cal rebuild has been perforned on both
machi nes, but it is not economcal to recondition
the hard-wired, tube-type electrics: cost is
$100, 000 each for electrical refurbish with no
measur abl e savings resulting.

9) Replacenent of present Telerex wth conparable
1/10th Scale Optical Directed machine: No savings

10) The N C Plan Task was, in essence, the resulting
proposal submtted to managenent.

11) Evaluate Costs/Benefits
The financial analysis indicates the return on
investnent is 28.4% payback period is 4 years;

several intangible benefits are discussed elsewhere.

12) Prepare the Proposal for Mnagement Action

13) Technical specifics for all equi pment purchase orders.
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CAN AN N/C SYSTEM BE JUSTIFIED AT BIW?

As soon as the study was under way, it becane apparent that
common probl ens of gaining approval of N C equipnent did exist
- in nost industries. Often justification of the large invest-
ment required for the first nunerical control machine tool
that a conpany acquires has been very difficult in nost
industries. The problens are due to the many functions that
are affected by the new process. There are two basic approaches
that are usually taken to analyzing the savings that can be
anti ci pat ed:
1) Identify all areas (production, material control,
quality, clerical, etc.) that may be affected by
N C and estimate a dollar savings; or
2) Quantify the dollar savings only in the areas
that are significantly affected and can have
the results neasured in an audit. Al other
areas that are affected to a nebul ous degree
aue sinmply treated verbally - no specific dollar
savings is clained.
The second approach has been taken in this evaluation
of using NCat BIW |t was decided that if there is not
enough specific, attainable savings w thout including
nebul ous possibilities to justify the investnment, it
woul d be unwi se to acquire the system
N C OR NOT?

Is NC the panacea for all shipyards, or are there

certain conditions that nust exist before it becones beneficial?
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Does it depend on ship type and size, or shipyard size, or are
there other alternatives avail able today which provide neani ng-
ful conpetition to N C production machines? As may be obvious,
there are no easy, clear-cut answers to these questions, as

they involve many factors which are not even constant from

one shipyard to another. However, from the experience of
shipyards using at |east sone aspect of NVC, it can generally
be stated that N C applications have al ways inproved the

process and resulted in econom c savings, regardless of the

above-nentioned factors.

@Quidelines for the use of NC in other industries can
be studied as a decision aid for a shipyard. |t is clained

that a conpany is ready for N C when

1.  The nunber of identical job-runs is relatively gspall

This is certainly true of ship parts. The nunber

of identical parts is relatively snall even for a
tanker. Manual drawing or tenplate nanufacture
time is always greater than that required for NNC
data processing.

2. The average part has a fair degree of complexity:

Comput er - ai ded progranm ng systens can handl e
conplexity better and quicker than manual methods.
Significant savings in tinme and reduction in scrap
are obtainable with NC.  (oviously, the nore
conplex the ship, the nore the advantage of N C
However, even for sinple parts, the increased
accuracy and sinple control with N C inproves

results.
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3. The parts are subject to frequent design change:

This is, unfortunately, so in shipbuilding. NC
al l ows changes to be inplenented quickly, providing
the capability for processing and managi ng such
changes has been built into the organization.

4. |Inspection procedures are |lengthy,difficult and,

therefore, costly:

Wth N C, the inspection can be performed by
checking drawi ngs prepared fromthe N C tape
The only:checks that nust be made of the actual

cut parts are to ensure nmachine accuracy.

The above itens are easily definable and when considered
directly, show NC to be conpetitive. However, the main
benefits which accrue fromthe use of NNC far exceed the
above considerations and are usually the reasons for a conpany
to inplement NNC. The indirect benefits such as better manage-
ment and control, which are possible with the use of an N C

system are also of considerable significance.

The approval of the project at BIWrested al nost corn-
pletely on the return shown in the financial analysis. The
final results of the financial analysis were based on the
mar keting projection of ships that would be built and the
quantified |labor savings in fitting and welding for each hull
The devel opnent of the labor savings is the heart of the NC

justification.
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PRESENT

JOINT OPENINGS

0 -1/16 INCH
1/16 -1/8 INCH

1/8 - 1/4 INCH

+ 1/4 INCH
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Hewn Size (1ncHEs)

3/16

1/4

5/16

378

7/16

1/2

LABOR HOURS PER FQOT

7018 HORIZONTAL FILLET WELD

GAP (ROOT OPENING, INCHES)

1716 | 1/8 | 3/16 | 1/4 |5/16 | 3/8 | 7/16 | 1/2

.019 | .039 | .090 | .119 | .137 | .197 | .301 | ,405
023 | .043 | .107 | .127 | .104 | .205 | .345 | ,429
.043 | .003 | .115 | .155 | .72 | -249 | 368 | ,453
.060 | .010 | .142 |.163 | .216 | .273 | -3% @
.068 | .081 | .150 | .207 | .240 | -297| 435 | ,512
095 | .115 | .194 | .231 | .264 | .327 | .465 | .531
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LABor Hours / FoeT

ARC TIME vs OPENING

FirsT SIDE

701 8

Z/

1/8

3/16 1/4 5/16 5}8

27

GAP (1 NCHES)

7716



COST_MULTIPLIER ASSEMBLY BUILDING
HORIZONTAL FILLETS

b

BKHD TO FLAT PANEL
BKHD TO CURVED PANEL

STIFF TO FLAT PANEL

STIFF TO CURVED PANEL

BN
BKHD TO FLAT PANEL
BKHD TO CURVED PANEL

BKHD Tg FLAT PANEL

BKHD TO CURVED PANEL
STIFF TO FLAT PANEL
STIFF TO CURVED PANEL

28

Weip Size
3/16  1/4% 5/16 3/8  7/16 1/2
2,2 2.0 1.7 1,5 1.4 1.3
2,4 2,2 1,8 1,6 1.5 1,4
1,4 1,4 1,3 1,2 1,2 1,1
2,2 2,0 1,71,5 1,4 1,3
WELD SIZE
3/16 1/4 5/16 3/8 7/16 1/2
2,4 2,2 1,81,6 1,5 1,4
3,2 2,9 2,31,9 1,8 1,6
WELD SizE
3/16 1/4 5/16 3/8 7/16  1/9
2,4 2,2 1,81,6 1,5 1,4
3,2 2,9 2,31,9 1,8 1,6
1,4 1,4 1,3 1,2 1,2 1,1
2,22,0 1,71,5 1,4 1,3



WELDING LABOR vs OPENING, FILLET VELDS
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COST MULTIPLIERS

FOR_ACTUAL

JOINT OPENINGS

MuTT PLIER iF’LlER

52% O -1/16 INCH 1,0
22% 1/16 - 1/8 INCH 2,0

18% 1/8 -1/4 4.0
87 + 1/4 7.0
1007 WEIGHTED AVERAGE 2,1

22% OF THE VELDING IS 1/16" - 1/8” OPEN
WH CH REQU RES TWCE AS MUCH LABOR AND
MATERIAL AS DO TI GHT Joints (O - 1/1677),
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VELDI NG LABQR wOPENING FI LLET WELDS
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STEPS FOR SAVINGS

1) DETERMINE THE PRESENT AVERAGE GAP FOR ALL WELDING
AND FOR AREAS THAT WILL BE CUT WITH Nlc,

2) DETERMINE THE WELDING AND FITTING LABOR FOR-THE
WHOLE SHIP,

3) ISOLATE THE AReas IN WHICH N/C BURNING CAN IMPROVE THE
FIT AS A PORTION OF THE WHOLE SHIP,

4) BASED ON THE PERTINENT variaBLES AFFECTING WELDING
LABOR, QUANTIFY THE PRESENT LABOR FOR FITTING AND
WELDING FOR THE WHOLE SHIP AND FOR THE AREA N/C
WILL AFFECT,

5) CORRELATE THE ABOVE LABOR HOURS WITH THE APPROP-
RIATE TONS OF STEEL ( FOOTAGE OF WELDING IS MUCH
PREFERRED. IF POSSIBLE) TO ARRIVE AT PRESENT MH/T
(MANHOURS PER TON) .

6) PRESENT.MH/T IN AREA AFFECTED
X TONS AFFECTED
X PRESENT COST MULTIPLIER

PRESENT LABOR

7) PRESENT MH/T IN AREA AFFECTED
X TONS AFFECTED
X PROPOSED COST MULTIPLIER

PROPOSED LABOR

3) PRESENT LABOR
- PROPOSED .LABOR

NET LABOR SAVINGS PER HULL WITH N/C
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BENEFI TS OF CAD
ADDED TOR O |I.

® MORE INDEPENDENCE FROM DESIGN AGENT
BeTTER PLAN | NFORMATI ON AND ON- TI ME COVPLETI ONS

*BETTER CHANGE CCONTROL
THE COMPUTER 1's FASTER, CHEAPER, MORE ACCURATE

/MANHOUR  SAVING (v THE LOFT

o BURNING CAPACITY INCREASE anp LABOR SAVINGS

N/C GAS BURNING IS FASTER AND PLASMA IS
MUCH FASTER THAN GAS

/NON- FERROUS AND STAINLESS CUTTING CAPABI LI TY
PLASMA

ZSH P DELIVERY SCHEDULE SAVINGS
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DECISIONS

«BUY AN N/C BURNING MACHINE WITH PLASMA

USE AUTOKON

«LINDE IS THE PRIME SUPPLIER

ZANDERSON ENGINEERS WATER TABLE CCNVEYOR

« START UP FOURTH QUARTER 1977
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Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center

The University of Michigan
Transportation Research Institute
Marine Systems Division

2901 Baxter Road

Ann Arbor, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-763-4862
E-mail: Doc.Center@umich.edu




